Introduction
One of the major challenges in biomedicine is to find strategies to prevent cancer. It is among the top 10 causes of death in middle and high income countries (WHO, 2004 ) and accounts for a major economic expenditure; for instance, £5.86 billion were spend on cancer care in [2009] [2010] in the UK, which is 5.6% of the UK´s total annual health spending (Sullivan et al., 2011) . The pathogenesis of this condition involves a series of complex and interwoven mechanisms ranging from genetic to environmental and/or behavioral factors. Some of the causes and risk factors of cancer are smoking, infection/inflamation, dietary factors, sunlight exposure, and pollution (Sugimura, 2002) . Radiofrequency electromagnetic fields have also been recently classified as "possibly carcinogenic" by the World Health Organization's International Agency for Research on Cancer (IARC) (IARC, 2011) . This chapter is going to focus mainly on diet as a risk factor for cancer.
Diet can play an important role in the onset of cancer since apparent harmless meals, to which we are exposed daily, can bring mutagens in close proximity to our DNA, certainly a bad combination. The formation of the "cooking mutagens" takes place in the framework of the Maillard reaction when thermally treating food. These mutagens are products of the reaction of common food components such as aminoacids, fatty acids or creatine and have to be metabolically activated to acquire the potential to alter DNA. For instance, melanoidins, the polymers that give the brownish colour when cooking (Arnoldi et al., 1997; Tehrani et al., 2002) , are other products of the Maillard reaction with which we are more familiar.
Study in cooking mutagens was pioneered at Lund University, in 1939, where E.M.P Widmark reported that organic solvent extracts from grilled horse meat caused tumours in mice mammary glands when they were repeatedly applied to mouse skin (Widmark, 1939) . Some years later, Druckrey and Preussman (Druckrey et al., 1962) reported the presence of carcinogenic N-nitrosamines in tobacco smoke, which were identified in food in the 1990s (Drabik-Markiewicz et al, 2011; Tricker et al., 1991) . The presence of polycyclic aromatic hydrocarbons was also found on the crust of well-done charcoal-grilled steaks by Lijinsky and Shubick. These compounds were formed from the pyrolysis of fat drippings into flames and the adherence of this pyrolysate to the surface of food (Chung, 2011; Lijinsky & Shubick, 1964) . Not long after, a revolutionary assay to quantify mutagenic activity was developed by Ames et al. (1975) based on Salmonella typhimurium strains (Ames et al., 1975) . This assay helped Sugimura and co-workers to find high mutagenic activity in particles of smoke produced by cooking proteinaceous foodstuffs and immediately afterwards in charred parts of broiled fish and meat (Nagao et al., 1977) . Mutagenic activity was also detected in meat When somebody is informed about the generation of potential harmful compounds in common food items, whom asks who or what is responsible for that exposure. The answer to that is our eating preferences and habits, as it will be explained later in this book chapter. Some may recall previous information they had about it "I heard that the charred part of
www.intechopen.com food is not healthy". This is a good start, because it means that research has been disseminated and people are aware to some extent of the lack of safety in burnt food. However the information received is partly innacurate as potential hazardous compounds can also be present in the non overcooked parts of the food. For instance, Fig. 2 shows chicken cooked using different methods and the corresponding concentration of mutagenic HCAs analysed in these food items. It can be seen that non charred meat can contain relatively high levels of cooking mutagens, HCAs in this case. Besides, very different levels of HCAs can be found in an item presenting similar degree of doneness and browning that has been processed using different cooking methods. (Busquets et al., 2004 .
Finally, despite the effort of scientists to study food borne mutagens, human behaviour is complex and, in some occasions, the public reacts saying "I like barbecued meat and I love crisps and there is no way I will I stop eating them". In summary, if in the best case people have been warned on the certain risks associated to some food items and they will not make an effort to reduce the exposure, who would care about them; are food borne carcinogens a dead end?
Exposure to food borne carcinogens. Heterocyclic amines (HCAs), a case study
The formation of HCAs results from the reaction of hexoses, creatine/creatinine and amino acids (Jägerstad et al, 1983a (Jägerstad et al, , 1983b Murkovic et al., 1999 Murkovic et al., , 2004 chemical and physical parameters during the cooking process as well as the composition of the raw food. It is important to understand the effect of such parameters on exposure to HCAs, as an example of food borne mutagens, to understand, to some extent, the absence of legislation, and subsequently the low interest of the companies to monitor or reduce the level of HCAs in food items. The proposed route for the formation of HCAs (quinolines and quinoxalines) is shown in Fig 3 and the proposed mechanism for the formation of pyridinic HCAs is given in Fig. 4 . Fig. 3 . Proposed pathway for the formation of quinoline (IQ, MeIQ) and quinoxale type (MeIQx, 4, of HCAs. Adapted from Jägerstad et al. (Jägerstad et al., 1983b) .
A study using precursors of PhIP (structure shown in Fig. 1 ) labelled with 13C was key to clarify the reaction mechanism involved in the formation of this amine, which is the most abundant mutagenic HCA in cooked meat and fish. Phenylalanine labelled with 13 C at three non-aromatic positions (C-1, C-2 and C-3) (see Fig. 4 ) provided important information. When labelling the carbon atom of the carboxylic acid of phenylalanine (C-1), there was no incorporation of 13 C, probably due to fast decarboxylation. When labelling the C-2 of the amino acid, two different signals were detected in 13 C-NMR (C-5 and C-7 in PhIP); and when labelling at C-3, just one position of PhIP incorporated the 13 C (C-3 in PhIP). From these experiments, Murkovic et al. proposed the mechanism of formation of PhIP that is reproduced in Figure 4 (Murkovic et al., 1999) . C-1 of phenylacetaldeyde (2), i.e. Strecker degradation product of phenylalanine (1), undergoes aldol condensation with creatine (3) to form (A), which suffers dehydration to form (B). A and B intermediates were isolated from model systems and from heated meat in Dr. Murkovic's research group (Zöchling et al., 2002) . Experiments with 15 N-labelled phenylalanine, carried out to identify the origin of the nitrogen forming the pyridine moiety of PhIP, revealed that this amino acid was not the only source of this atom, and that creatine or even free ammonia could also provide it. (Murkovic et al., 1999; Murkovic, 2004) .
Parameters affecting the yield of HCAs
Among the different parameters affecting the formation of HCAs, temperature is the most important. The levels of HCAs are highly dependent on the temperature of the cooking process. In general, the amounts of HCAs increase at high temperature Skog et al., 1995 Skog et al., , 1997 . Thus, HCAs form primarily in the crust of the cooked products and to a lesser extent in the inner part, which is where the temperature is lower (Skog et al., 1995) .
Heat and mass transfer are variables that affect the formation of HCAs in cooking processes. Heating of meat produces protein denaturation, losses of fat and moisture and changes in the shrinkage and porosity of the meat or fish matrix. When heat is applied to the surface of the meat, it is transferred to the centre, creating a temperature gradient between the surface and the centre. As the temperature at the surface increases, the partial pressure of water increases at the surface, which causes a vapour flow towards the centre, where it condenses and releases heat. The increase of water content at the centre produces a flow of water towards the surface, even out of the meat (Persson et al., 2002) . This water transport brings precursors of HCAs to the surface of the meat and to the drippings. In consequence, heat from the hot source favours the reaction between precursors of HCAs, and therefore HCAs can be found in drippings, even at higher amounts than in the food itself Pais et al., 1999) . Mechanisms controlling heat and mass transfer during thermal processing of beefburgers were studied by Bea. Kovácsné in a doctoral thesis at Lund University (B. Kovácsné, 2004) . Cooking methods involve different heat and mass flows. Roasting entails transference of heat by convection through the air and radiation through the walls. In cooking methods where liquid surrounds the meat, such as stewing, boiling or deep-frying, heat is transferred by convection. Pan-frying produces heat transference to the meat by conduction and convection through a layer of fat and water. In contact frying, the temperature in the outermost part of the meat does not rise above 100ºC as long as water is present, and from the crust to a certain depth there is an evaporation zone. When crust is formed, heat flow towards the inside of the meat slows down because the crust insulates to some extent. Likewise, coating foods can reduce the formation of HCAs due to the insulating effect of the coating, and conductive heat transfer dominates inside the meat Persson et al., 2002; Skog et al., 2003) . In general, roasting, boiling, stir-frying and stewing are the cooking methods in which lower amount of HCAs are formed; whereas griddling, pan-frying, barbecuing and deep-frying are the methods that lead to higher levels of HCAs, due to greater heat transfer (Busquets et al., 2004 Sinha et al., 1998a Sinha et al., , 1998b Skog et al., 1998 ). An example of the profile of temperatures when frying meat is shown in Fig. 5 . Chicken breasts fillets, 1 cm in thickness, were fried in an aluminium frying pan, without adding fat, at 220 ºC for 5 minutes each site. Ktype thermocouples were inserted in different sites of the fillet; 2 in the centre of the fillet (T centre 1, 2); two were fixed at 1 mm below the upper and the lower surface (T surface 1,2), and one thermocouple was placed between the pan surface and the fillet to measure the temperature (Frying T), which was recorded every 10 seconds. The temperature profile measured was found highly reproducible when frying different fillets evidencing that the heat and mass transfer mechanisms taking place during the cooking process are reproducible. The temperature in the centre of the fillet did not go over 100 ºC and the temperature at 1 mm below the surface never reached the frying temperature. 
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Knowledge on the physical mechanisms affecting the formation of HCAs has led researchers to look for ways to decrease the formation of these mutagens. Changing cooking practices to minimize weight loss resulted in less formation of HCAs because of the alteration of the mass transfer of HCA precursors. The addition of NaCl, sodium tryphosphate or carbohydrates with water-holding capacity to meat prior to cooking was an efficient and simple way to reduce the subsequent formation of HCAs, explained by a reduction in the transport of water-soluble precursors towards the crust (Persson et al., 2003 (Persson et al., , 2004 . Based on the same principle, microwaving beef patties before frying caused a reduction in mutagenicity possibly due to the loss of water and HCA precursors during the pretreatment . Flipping the food frequently reduced the formation of HCAs because the meat has spent less time in contact with the hot surface (Salmon et al., 2000; Tran et al., 2002) ; and shortening cooking time or lowering cooking temperature also resulted in lower heat and mass transfer. As a result of the above-mentioned studies, easyto-adopt cooking practices that reduce exposure to HCAs can be recommended.
Alternatively, solutions can also be found interfering in the chemical reactions leading to the formation of HCAs. For instance, one of the most effective methods reported for the inhibition of the formation of PhIP has been marinating the meat with red wine previous to the cooking process involving heat, effect that was markedly different to control marinades containing water and ethanol (Busquets et al., 2006 ). An example of the reduction of PhIP in fried chicken with marinating time is shown in Fig. 6 . One way to interfere in the formation of HCAs is using antioxidants, which may affect radical reactions involved in the formation of HCAs by scavenging free radicals (Kikugawa, 1999) . Antioxidants have been shown to exert both anti-and pro-oxidative effects, depending on their concentration and type. For instance, Johansson and Jägerstad studied the effect of several antioxidants, at different concentrations, on the formation of HCAs in model systems. The results showed that, surprisingly, most antioxidants increased the formation of HCAs and that the rate of the effect depended on the concentration. Likewise, a lack of correlation was found between the concentration of the antioxidant and the effect observed (Johansson & Jägerstad, 1996) . In summary, the formation of the heterocyclic amines which mechanism of formation may involve radical reactions can be enhanced or reduced depending on the particular cooking conditions used. Therefore, the effect of antioxidants on the formation of HCAs is not clear yet (Balogh et al., 2000; Britt et al., 1998; Melo 2008; Murkovic et al., 1998; Oguri et al., 1998; Shin et al., 2002; Tai et al., 2001; Tsen et al., 2006) .
Levels of HCAs in food
Nowadays it is accepted that the main source of exposure to HCAs is the intake of cooked meat and fish. In order to know the type and amounts of HCAs to which humans are exposed, the content of HCAs has been determined in a high number of food items and the reported amounts are compiled periodically Layton et al., 1995; Skog et al., 1998) . To date about 20 mutagenic HCAs have been identified in cooked proteinaceous food and new ones may be identified in the future; species which structure is close to HCAs, if not HCAs, have been detected recently . The most commonly found HCAs in thermally treated proteinaceous food are shown in Fig. 7 .
To have an overview on the amount of HCAs in commonly consumed food items, the concentration of HCAs in over 20 publications have been summarized in Fig. 8 (Ahn et al 2005; Bermudo et al., 2005 ; Borgen et al., 2004; Busquets et al., 2004 Busquets et al., , 2006 Busquets et al., , 2008 Casal et al., 2004; Cheng et al., 2007; Gerbl et al., 2004; Khan et al., 2008; Lan et al., 2004; Melo et al., 2008; Ni et al., 2008; Oz et al., 2007; Persson et al., 2004; Ristic et al. 2004; Salmon et al., 2006; Toribio et al., 2007; Tsen et al., 2006; Warzecha et al., 2004; Wong et al, 2005) . The average concentrations of several HCAs in meats cooked using different methods shows that chicken presents the highest concentration of HCAs, and in particular of the amines called DMIP and PhIP, which are structurally related, and the comutagens and neurotoxic amines harman and norharman, which were also found at relative high concentrations in venison. For a review on the latter ones, see Pfau & Skog (2004) . The higher abundance of PhIP and DMIP in chicken can be due to the higher amount of some free amino acids such as phenylalanine mainly but also tyrosine, leucine, isoleucine or threonine, whereas the lower content identified in other meats can be due to the lower content of sugars or creatine/creatinine (Bjeldanes et al., 1982; Jägerstad et al., 1983a Jägerstad et al., , 1983b Khan et al., 2009 ). Cooking methods also play an important role in the formation of PhIP because low amounts of this usually abundant amine have also been quantified in fried chicken breast cooked in the Chinese style (Wong et al., 2005; Salmon et al., 2006) . Interestingly, low content of PhIP, below 2 ng/g, was found in turkey cooked by a prolonged frying process (15 min/side at 190-200ºC) (Warzecha et al., 2004) . Pork showed the highest content of the HCAs named IQ, MeIQx, 4,8-DiMeIQx, Trp-P-2 and Trp-P-1, and any HCA stand out in beef samples in terms of concentration level. The median concentration of HCAs in beef was below 3 ng/g; and even lower amounts were quantified in fish. Compared with previous data (Layton et al., 1995; Skog et al., 1998; Felton et al., 2000) , the amounts of HCAs determined in fish for the studied period are low. The cause of this low occurrence may be the oriental recipies used, which use ingredients with antioxidant properties and cooking methods with low heat transfer (Wong et al., 2005; Salmon et al., 2006) . The data in the papers included in Fig. 8 corroborates that the cooking methods involving higher heat transfer (barbecuing, frying, griddling and grilling) are related to higher levels of HCAs, whereas the processes with lower heat transfer (stewing, stir-frying, roasting, coated-frying and boiling) are related to lower amounts of HCAs. 
Assessment of the exposure to HCAs
The toxicological effect of the habitual exposure of HCAs on humans is still unknown. There are two main approaches to quantifying exposure to HCAs; the first one evaluates the correlation between the intake of HCAs and increased risk of different types of human cancer; the second, searches for biomarkers of exposure to HCAs in biological fluids that correlate with the final molecule causing DNA damage. However analytical methodology for the analysis of such biomarkers under a normal exposure to HCAs is at its initial stages Frandsen et al., , 2007 Frandsen et al., , 2008 ); a few biomarker of exposure have been proposed so far but their analysis and correlation with cancer incidence in large cohorts has not been carried out yet, to the best of our knowledge. Epidemiological studies relate the content of specific HCAs in food and the incidence of particular types of cancer. Several epidemiological studies have found a positive correlation between the intake of some HCAs and different types of human cancer (Butler et al., 2003; Cross A.J et at., 2011; Destefani et al., 1997 Destefani et al., , 1998 Martinez et al., 2007; Sinha et al., 2001) whereas other studies have found no such correlation (Augustsson et al., 1999; Gunter et al., 2005; Sonestedt et al., 2008) . Numerous factors hinder reaching conclusions on the association of HCAs and human cancer by means of dietary calculations. Problems still to be surmounted are: the difficulty in getting accurate information on eating habits; bias, inconsistent reporting or misclassification; the fact that different cooking methods and degrees of doneness cause very different HCA content, as discussed earlier in this chapter; difficulty in quantifying cooking doneness using questionnaires; difficulty in considering variations in day-to-day diet; the existence of multiple HCAs and possibly some other factors that have not yet been identified. The representativity of the food analysed and the accuracy of HCA quantification must also be taken into account. For instance, several studies have related the occurrence of MeIQx or 4,8-DiMeIQx with cancer but these amines occur at low concentration, usually <2 ng/g cooked food, as it is shown in Figure 8 , and their determination is difficult and possibly it is carried out with low accuracy. In addition, the whole amount of the HCAs ingested is not bioavailable, in part due to other components of the meal, but epidemiologic studies can not take these unknown parameters into consideration. Furthermore, only a fraction of the bioavailable HCAs are activated to the ultimate electrophilic intermediate that causes the genetic damage and this activation can be more or less effective depending on the phenotypes of the enzymes involved in the activation pathways and on lifestyle factors (Le Marchand et al., 2001) . Moreover, there are mechanisms in the human body that repair mutations and, in addition, the mutations that initiate cancer processes may be caused by environmental factors other than HCAs in diet. Another factor, not unique to HCAs, is that the delay between the evaluation of the exposure and disease outcome . These factors show that there is a big gap between the estimation of HCA exposure and the identification of the origin of cancer processes by means of epidemiologic studies.
Regardless of all the existing limitations and approximations necessary to asses the exposure to HCAs, the individual daily exposure to HCAs has been quantified in several countries. For Asian populations: 50 ng in China (Wong et al., 2005) and 72 ng in Japan (Kobayashi et al., 2002) were estimated. In general, higher values have been found for European populations: 69 ng in Germany (Rohrmann et al., 2007) ; 160 ng , 690 ng (Ericson et al. 2007 ) and 520 ng (Sonestedt et al., 2008) in Sweden; 330 ng in Switzerland (Zimmerli et al., 2001) ; and 286 ng and 606 ng in Spain (Busquets et al., 2004) . Several studied performed in the United States studies found high values: 1.690 ng (Layton et al., 1995) , 455 ng (Keating & Bogen, 2001 ), 585 ng (Bogen & Keating, 2001 ) and 715-1.293 ng (Keating & Bogen, 2004) . The quoted intakes were calculated for an average body mass of 65 Kg. The levels of exposure estimated from food frequency questionnaires and analysis of HCAs in food may be useful in toxicological studies to define the impact of HCAs on health and to make risk-based recommendations about reducing exposure to HCAs. However, the reported values have to be used in full awareness of the intrinsic limitations of exposure assessment by means of food frequency questionnaires and determination of HCAs in a limited number of cooked foods.
The intake of HCAs is not directly related with mutations in the DNA. Only a part of the total amount of HCAs present in heated proteinaceous food will be absorbed. To the best of our knowledge, few studies have focused on the bioavailable or effective dose of HCAs, although this is key to assessing the effective dose of the dietary intake of HCAs. To understand the influence of digestion parameters on the release of HCAs, Kulp and coworkers used a model system to test the effect of several enzymes (amylase, pepsin and pancreatin) on the digestion of well-done chicken (Kulp et al., 2003) and pancreatin was the only enzyme that favoured the bioavailability of HCAs. In addition, HCAs differed greatly from each other in ways that affected their bioavailability; PhIP, which is less polar than the other amines studied, was 50% present in each fraction, which implies that PhIP is less accessible than more polar HCAs. Very important also was the finding that the higher the degree of doneness, the lower the bioavailability of HCAs was (Kulp et al., 2003) . Another factor that may affect the bioavailability of HCAs is the presence of fibre in the meal. Experiments carried out in rats revealed that dietary fibre, 95% of which is contributed by whole plant cell walls, may protect by adsorbing carcinogens, thus lowering their effective concentration in the alimentary tract, and by carrying the carcinogens out of the body in faeces . However, not all types of fibre had adsorptive abilities.
The most hydrophobic plant cell wall preparations containing the polymer suberin, which occur in the diet, for example in potato skins, showed the highest adsorption capacity for HCAs among the fibre examined and preparations with lignin showed intermediate adsorptive abilities. The adsorption of HCAs to the plant cell walls increased with increasing hydrophobicity of the HCA (Ferguson et al., 1995; Harris et al., 1996; Hayatsu et al., 1993b) . Similarly, chlorophyllin, intestinal microflora and certain bacterial strains contained in fermented foods may decrease the bioavailability of HCAs by direct binding of HCAs to their structure (Hayatsu et al., 1993a; Kassie et al., 2001 Kassie et al., , 2004 Knasmüller et al., 2001; Orrhage et al., 1994; 2002) .
Once the HCAs are bioavailable, they require metabolic activation to damage DNA. Most HCAs are oxidized in the body and just a small portion is excreted unchanged. The first step to activate HCAs is catalyzed by cytochrome P450 enzymes (CYP). 57 CYP genes have been identified in human genome, half of which are involved in xenobiotic metabolism (Glatt, 2006) . Among the different CYPs, those of family 1 have been found to participate in the metabolism of HCAs. CYP1A2 shows the highest activity for N-hydroxylation or activation of the HCAs to the ultimate mutagenic specie Glatt, 2006; Rich et al., 1992; Zhao et al., 1994) . CYP1A2 activity may vary from person to person and can be activated by lifestyle factors such as smoking or eating habits (Lang et al., 1994) . Nhydroxylated HCAs undergo O-acetylation and O-sulphatation catalyzed by Nacetyltransferases and sulphotransferases, respectively. These esters are hydrolyzed to produce highly electrophilic arylnitrenium ions, considered to be the final genotoxicants, which react with some sites of the DNA. The reactive nitrenium ion also reacts with proteins (Buonarati et al., 1990; Turesky et al., 1992; Turesky et al., 2004) . Detoxification involves converting the toxicants to polar molecules that can be excreted or transported to extrahepatic tissues. Various detoxification pathways, such as ring hydroxylation, catalyzed by CYPs, or glucoronidation, catalyzed by UDP-glucoronosyltransferases, compete with the activation routes. Understanding the metabolic pathways of HCAs and developing analytical methodology capable of determining metabolites from HCAs in biological fluids with high accuracy, despite their low concentration and complexity of the matrices, is providing the tools to identify species that could be proved to be biomarkers of exposure. The analysis of species proved to be biomakers of exposure to HCAs in large cohorts and its relation with cancer incidence will be ultimate evidence to relate HCAs with human cancer.
Conclusion
Heat treatments applied during cooking processes cause the formation of mutagenic compounds from the reaction of natural precursors present in raw food. Although the exposure to such toxicants seems unavoidable, it can be highly reduced by just applying minor changes in cooking and eating habits. The exposure to HCAs is currently being estimated with methods comprising many approximations. Different types and levels of food borne mutagens are present in frequently eaten food items. The bioavailability of these cooking mutagens, their metabolic activation and DNA repair mechanism are also variable. The pathogenesis can also be caused by other factors, and it appears with a delay on time with respect to the causes that induced the genetic damage. For these reasons, the link between food borne mutagens and cancer has not been well established in humans although the effect of high concentrations of the mutagens in animals has shown to cause tumours. The mortality rate of cancer, the economical burden that the disease represents, and the evidences on the exposure to food borne mutagens discussed in this chapter, claim major attention from the legislative bodies, which should establish maximum concentration limits for these species in commercial food products and recommend guidelines for "good cooking practices". Legislation on this topic would encourage the food industry to monitor, control and ultimately reduce the exposure food borne mutagens. Besides, the public health institutions and scientist should inform the population about the existence of the food borne mutagens and ways to minimise their formation. A change towards healthier eating/cooking habits in terms of exposure to cooking toxicants may be fomented with the approach used when disseminating the information. If the exposure is presented as something unavoidable, the consummers will resing themselves and do nothing. However, the attitude from the public may be more active if they receive information in a positive way; there is exposure to hazardous compounds but it can be reduced easily by using certain practices such as cooking methods with low heat transfer (boiling, stewing, coating, flipping the food frequently); lowering cooking time and temperature or using ingredients that interfer in the Maillard reaction. Once individuals are aware of the problem and willing to solve it, these generates a commercial opportunity, and for the first time companies would invest in products for a diet with low in food borne toxicants without being pushed to it. In summary, food borne carcinogens are not a dead end; individuals, food companies and public bodies have health or business interest in them.
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